Abstract. Flash floods occurred frequently in Chinese mountainous areas, that most of the areas had no hydrological station network control. The flood forecasting was crucial for the flash flood disaster warning, prevention and control. In this paper we selected Zhudong River watershed of Pingdu City in China to investigate the application of the HEC-HMS model for flood forecasting in ungauged mountainous area. The design floods of the typical villages in the small watershed were calculated with the HEC-HMS model, and the calculation results were compared with those of the reasoning formula method and the instantaneous unit hydrograph method. The results proved that HEC-HMS model was suitable for the study small watershed and was a powerful tool for flood forecasting in ungauged mountainous area.
Introduction
Flash flood disaster is one kind of natural disasters caused by short-duration high-intensity rainfall in mountainous area, the warning was the important part of flood control and disaster reduction [1] . In order to seek flood control capacity, it is necessary to calculate the design flood. However, most of small watershed (SWS) in the mountainous area is outside the hydrological station network control, without rainfall and runoff data, it is difficult for flash flood disaster warning and flood forecast [2] . In order to calculate the short-duration design flood in UGM area, reasoning formula method (RFM) [3] , instantaneous unit hydrograph method (IUHM) and watershed models can be generally used [4] . These methods cannot fully reflect the influence of underlying surface of watershed on the runoff yield and concentration. Therefore, researchers all over world have been studying on the HEC-HMS model [5] and SCS model [6] and the application. OLEYIBLO and Li made a comprehensive introduction to HEC-HMS [5] , Razi et al evaluated the flood of Johor River using HEC-HMS [7] , Yong et al studied on the rainfall runoff simulation using HEC-HMS model for Baohe basin located in the upper reaches of the Hanjiang River [8] , Zhang et al. discussed the applicability of HEC-HMS in a small watershed of the Loess Plateau area [9] . Yilma and Moges simulated runoff of Ethiopian Nile river basin with the HEC-HMS [10] . Kalita made the design flood estimation in South Brahmaputra by using the HEC-HMS [3] . Gichamo et al. simulated the flooding on a part of Tisza River with HEC-HMS [11] . The above documents studied the models in the river or the large river basin. However, the HEC-HMS model has not yet been used for design flood calculation in small watershed. The objectives of this study were therefore to investigate the method of flood calculation in UGM area. Zhudong River small watershed and the two typical villages in Pingdu city of China were taken as examples to study the application.
Study Area and Data Processing

Study Area
The selected study area was the small watershed of Zhudong River located in the north of Datian community of Jiudian town which is in northwestward of Pingdu City of China. It has a temperate continental climate, with mean annual precipitation 680mm. There is a mainstream and two branches, Xigejia village and Qingshan village located in upstream and midstream respectively, have historical flood traces.
Data Processing
In the study area, there are two precipitation stations (Datian station and Lanhe station) and a hydrologic station. We first obtain 24 hours of heavy rain, and then to fit P-III curve with results of measured data. The measured maximum 24 hours rainfall can be obtained from the data of 37 consecutive years in Datian station. According to the experience of Cs = 3.5Cv, using least square method, we fitted P-III curve with measured data of 37 consecutive years for several times, we obtain the maximum 24 hours rainfall of Zhudong River watershed as 98.99 mm and the variation coefficient Cv=0.57. The surface rainfall can be obtained by conversion with transformation relation of point to surface offered in Shandong Province hydrological atlas.
Model and Parameter Calibration Model Construct
Based on DEM data, we divided Zhudong River watershed into small watershed with ArcGIS technique, set nodes and established model in the HEC-HMS model according to sub basin and river conditions.
In the basin module, SCS curve method was used in runoff generation model, SCS unit line method was used in flow concentration model on the basis of the analysis for underlying surface and land-use type, as well as, considering that the measured data of the river course obtained from the investigation of mountainous flood disaster was suitable for kinematic wave method, moving wave method was used in channel evolution module. Small watershed model established can be descripted as Fig. 1 . 
Calibration and Validation of Parameters Initial Value of Parameters
Using ArcGIS to superpose and assign the layers of land use form and soil types, mean value of CN for subcatchment was calculated by calculating weighted average calculation of SW area. The parameter retention time (t lag ) of SCS was computed by retention formula [12] , the result was listed in 
Model Validation with Historical Flood
The 5 historical floods obtained from the back stepping of Yinfu reservoir outflow were used to validate HEC-HMS model. That's to say, HEC-HMS model can be used to calculate design flood with higher accuracy and feasibility. 
The Calculation of Design Flood Design Flood Calculation with HEC-HMS Model
Using HEC-HMS model with calibrated and validated parameters, the design floods of the two typical villages in Zhudong River small watershed were ascertained. The results calculated was listed as the fourth column in table 8. 
Design Flood Calculation with the Other Methods
In order to explain the practicability of HEC-HMS model, using reasoning formula method and instantaneous unit hydrograph method, we calculated the design floods of the two typical villages above in Zhudong River small watershed. The results calculated by the two methods were listed as the fifth and sixth columns in table 8.
Results and Discussion
It can be seen in the above table that the design peak flows calculated by the three methods. For the typical design frequencies, the results calculated by HEC-HMS model were bigger than those from reasoning formula method and smaller than those from instantaneous unit hydrograph method. During the study area being ungauged mountainous area, there was no enough observed data to validate the calculated results. In order to prove the practicability and rationality, we made correlation analysis for the peak flow series calculated by the three methods. The results showed that the relativity between the 3 methods were better, the correlation coefficient of HEC-HMS model and rational formula method is 0.976, HEC-HMS model and instantaneous unit hydrograph is 0.998, rational formula method and instantaneous unit hydrograph is 0.984. The calculated results by HEC-HMS model were in good agreement with those calculated by the other methods, which is acceptable for flood forecasting.
Conclusions
In this paper we investigated the application of the HEC-HMS model for flood calculation in the ungauged mountainous area. The results of calibration and validation with historical floods and flood traces proved that the parameter calculation method based on GIS was convenient and had a certain practicality. As well as, HEC-HMS was suitable for the studied small watersheds and was a powerful tool for flood forecasting in ungauged mountainous area.
